General considerations
Clinical trial plans should conform to established and generally accepted standards for the conduct of clinical trials, and must meet the regulatory requirements of the host country in which the trials are conducted. Investigators performing clinical trials could benefit from learning about and meeting regulatory requirements of other countries as well. Every study should meet requirements for the enrollment of human subjects in research as outlined by the Declaration of Helsinki and subsequent Belmont Report. In addition, it is recommended that clinical trials conform to the recommendations outlined below.
Preclinical studies
Appropriate data should be acquired in animals prior to human studies. In general, the proposed clinical trial should be based on supportive preclinical animal efficacy data of a nature that would be considered predictive of lasting clinical benefit. The nature of the recommended preclinical model may depend on the timing of intervention (acute, subacute, or chronic intervention), and the risk/benefit ratio of the proposed intervention.
Spinal cord damage can result from many causes, including acute traumatic compression/contusion, penetrating trauma, transient or prolonged compression, ischemia, anoxia, infection, immune and inflammatory responses. Contusive trauma is the most common form of acute spinal cord injury and is best modeled by spinal cord compression/contusion models that result in cavitation. If a clinical trial is to be performed in patients with contusive-type injuries, preclinical validation should also be established in animal contusion injury models. Human trials of treatments for other causes of spinal cord damage should ideally be tested in animal models representative of these other forms of damage (eg, anoxia).
A proposed acute/subacute intervention should be tested in an injury model replicating the time frame of the proposed treatment. For example, if treatment is to be rendered within 24 h in an experimental neuroprotective strategy, the animal model should test time points that include delays of up to 24 h postinjury. If a repair therapy is designed for delivery within two weeks of injury, the animal model should be studied at time points that include delays of treatment up to two weeks.
A proposed chronic regenerative therapy should be tested in a chronic injury model. Most known degenerative events and scar-related events caused by acute injury under laboratory conditions in rodents have stabilized by 3 months postinjury. Thus, unless the time window for the targeted event is known to be different, 3-month or longer time periods constitute optimal rodent data for a chronic study. A number of degenerative events have stabilized by 6 weeks postinjury, and this would represent a feasible but less desirable time point in which to test a chronic intervention in rodent models. However long the post-injury period, inclusion of appropriate matched control groups should still be considered an essential requirement.
Proposed interventions that are highly invasive or of greater intrinsic risk must meet a higher standard of preclinical safety and efficacy than interventions of lower risk. For example, surgical manipulation at or above a cervical lesion places critical functional neural substrates at risk. On the other hand, oral therapy with currently approved pharmacological agents having an established profile of excellent safety constitutes a lower risk and can undergo novel clinical trials after meeting simpler requirements. More invasive or higher risk protocols in particular should be tested in larger animal models than rodents, including feline, canine, porcine or primate models of injury. Interventions to be applied to cervical levels of injury in humans should be tested at cervical levels of injury in animals.
When an intervention involves cell grafting, consideration should be given to potential differences that may result from paradigms employing autografts, allografts or xenografts. Immune considerations may influence graft survival, inflammation and efficacy.
Any proposed treatment should be of clearly demonstrable and statistically significant benefit in animal models, and should be peer-reviewed by independent experts. It is preferable that the preclinical findings be published in peer-reviewed journals and should be independently replicated by individuals experienced in the field. Safety issues must be addressed, as outlined below.
Clinical trials should never be conducted when validation from animal models is entirely lacking.
Safety issues for consideration related to novel treatments (1) Any treatment: (For brevity, we refer to proposed or putative therapies as 'therapies' in the guidelines that follow.) Safety assessments should be documented and should optimally include outcome measures testing pain, as well as assessing maintenance of function in systems above the lesion. The period of observation post-treatment should be sufficient to document freedom from significant adverse events, and would preferably extend for at least 6 months to 1 year. Therapies applied to humans with partial lesions risk loss of spared function, and interventions intended for application to these human subjects should include safety assessments in preclinical animal models of partial injury. Treatments delivered to the cervical cord risk compromising critical, spared neurological function, and novel treatments should only be applied to this level of the cord if it is certain that they do not exacerbate damage to the cord.
(2) Cell-based therapies: Any cell source, including olfactory ensheathing cells, stem cells, Schwann cells, white blood cells, bone marrow stromal cells, fibroblasts, astrocytes, fetal tissue or other tissue should be tested for possible biological (cellular, bacterial, viral, prion) contamination before placement in humans. For cell types with the potential for uncontrolled growth, highly defined and restricted cell sources should be used and tested in animal models to evaluate the risk of tumor formation or undesirable cell migration. Ideally, safe methods to eliminate implanted cells in the event of a serious adverse effect would be integrated into the delivery method, as the technology for doing so is developed. Additional tests for genetic instability are desirable, include karyotypic banding and sky analysis. Cellular products with the potential for differentiation should be tested and characterized for these possibilities in the neural location intended for use. Again, the duration of post-treatment observation should be sufficient to reasonably predict freedom from adverse events, preferably at least 6 months.
(3) Pharmacological therapies: Systemic side effects of pharmacological therapies should be assessed, including cardiovascular, pulmonary, renal, hematopoietic, endocrine and gastrointestinal function. In addition, agents applied either systemically, intrathecally or intraparenchymally should be assessed for risk of eliciting immune responses (if foreign to mammalian systems, eg, chondroitinase) and for safety as outlined in point 1 above.
(4) Therapies aiming to neutralize inhibitors: The normal function of inhibitors to axon growth that are associated with myelin, or that are present in the extracellular matrix, of the intact adult nervous system is unknown. It is possible that neutralization of these inhibitors might unleash unintended growth or dysfunctional plasticity, resulting in aberrant function in neural circuitry. For this reason, therapies aimed at neutralizing these inhibitors should be screened for both the potential to cause toxicity (seizures, disruption of cognitive function, pain) and, in the case of myelindirected therapies, for the risk of demyelination. Optimally, these neutralization therapies should be targeted specifically to the spinal injury site and should not influence other CNS regions.
(5) Growth factors: Growth factors normally support the function of neuronal systems. It is possible that the therapeutic delivery of growth factors could perturb the function of normal neurons or affect sensory pathways, including pain. Optimally, growth factor therapy should be targeted specifically to those regions affected by injury.
(6) Gene therapy: There should be justification and supporting preclinical data for the proposed choice of delivery system or vector, compared with other possibilities. Toxicity of vector constructs and any gene products on cells, tissue and animals should be identified and balanced against the possible benefits. The absence of vector effects on germ cells and progeny should be demonstrated, as well as the absence of vector/viral replication or reversion to wild-type virus. The spread of vector in the host that depends on host mechanisms, such as retrograde transport, should be determined specifically in the most appropriate animal species, and possible adverse consequences considered. The spatial, temporal and quantitative analyses of transgene expression should be determined and should be adequate to expect a useful therapeutic effect. Further, the consequences of extended, unregulated and supraphysiological transgene expression from vectors should be considered and justified if there is no means for regulating transgene expression or activity. Safety assessment for gene-based therapies may require longerterm follow-up than is typical in animal experiments.
(7) Ex vivo gene therapy: For the combination of gene and cell-based interventions, considerations outlined in points 1, 2 and 6 should all be addressed.
Evidence of beneficial effects
Ideally, outcomes should be assessed at cellular, physiological and behavioral levels in a model of SCI that is most appropriate for the indication. At a minimum, evidence of functional benefit should be demonstrated on accepted, objective measures of functional outcome. Functional improvement in the animal model should be of sufficient magnitude and duration to justify the potential risk of a clinical trial.
Persistence of a therapeutic benefit should be shown for at least 3 months post-injury to ensure that there are true differences between treated and untreated animals, in order to justify the inherent risks of proceeding with a clinical trial.
As noted above, publication of findings after peerreview is highly desirable prior to initiation of clinical trials. Optimally, evidence of independent replication should be presented prior to initiation of clinical trials. This requires not only complete disclosure of methodological details in publications, but ideally cooperation between the initiating laboratory and those undertaking the replication.
Significant systemic effects or other undesirable effects should be screened for carefully and reported in a public format. It should be appreciated that unexpected adverse effects are frequently encountered in human clinical trials, and animal models should be carefully monitored for adverse effects. For example, pain, worsened autonomic dysfunction or spasticity could result from enhanced axonal plasticity after injury and should be screened for prior to initiation of clinical trials, as noted above.
The clinical benefit of methylprednisolone in SCI remains a subject of debate. Whether a potential therapy must be compared to a group of parallel subjects treated with methylprednisolone remains unresolved. This matter will likely be determined on a case-by-case basis in individual trials depending on the nature of an experimental therapy, local standards, and in consultation with regulatory agencies.
Clinical studies
The design and conduct of the study should be in full compliance with local and national standards. For example, in the United States, clinical trials should meet requirements for submission and approval by the US Food and Drug Administration, Institutional Review Boards (Human Subjects Research Committees), and Biosafety Committees. Every trial, internationally, must meet requirements for enrollment of human subjects in medical research as outlined by the Declaration of Helsinki and subsequent Belmont Report, including absolute requirements for informed consent. The following study design issues should be considered.
Study phases; importance of blinded assessment
Studies should follow the model of sequential: (1) safety assessment (Phase I), (2) early measurement of treatment activity and dose/regimen selection (Phase II) and (3) definitive assessment of safety and efficacy (Phase III).
Extraordinary care should be taken, particularly in phase II and III trials, to employ objective functional outcomes measures and appropriate placebo and blinded assessments by trained assessors to avoid possible participant or experimenter bias. When doubleblind designs are not feasible, for example, a test of behavioral training paradigms, inclusion of blinded assessments remains preferable. External study monitoring should be performed.
Study duration
Improvement should be judged to be significant at a time point that is conclusive.
In subjects with acute SCI treatments, efficacy outcomes should be assessed optimally at the 1-year postinjury time point. In subjects with stable chronic injuries, outcomes should be assessed optimally at 1-year post-intervention, although 3-and 6-month postinjury time points also can be informative.
Study size
Studies must be large enough and consist of sufficient control subjects in phases II and III trials to yield meaningful data. Group size will depend on the magnitude of the potential effect of the manipulation. In general, conclusions regarding efficacy should not be generated from small number of patients, particularly in phase I safety trials.
The confounding effect of rehabilitation training and placebo Outcomes after experimental SCI trials in humans can potentially be affected by variables other than true efficacy of the tested therapy, including placebo effects, prior medical care, surgical methods, rehabilitation training and spontaneous improvement over time. It is critical that SCI studies rigorously control these variables.
Whenever possible, experimental trials should use placebo control groups. In the case of invasive treatments, placebos can consist of simple skin incisions. Double blinding is important and should be included in the design of efficacy trials whenever feasible. Every attempt should be made to extend blinding of treatment group identity to subjects, therapists, assessors and as many other study personnel as possible.
Outcomes can be affected by methods and procedures used intraoperatively that are distinct from the actual experimental treatment, including decompression of the lesion, cord detethering, stabilization, or the 'routine' use of substances such as gelfoam, which contain bioactive materials. Ideally, these variables would be controlled between trials by consensus reached among trialists. At the least, surgical methods should be stated in complete detail when study results are reported.
It is believed that intensity of physical rehabilitation for specific disabilities can affect such parameters as spasticity, the function of systems spared by injury, or the number of medical complications, and thus, affect outcomes of experimental trials. It is critical, therefore, that clinical trials match experimental and control groups for physical therapy and other physical activities, and consider the possibility that physical therapy may synergize with other therapeutic manipulations to affect clinical trial outcomes. To the extent that is practical, other features of postoperative care should be discussed among clinical trialists and matched between trials, including choice of antibiotics, use of traction and time to mobilization. In addition, to the extent possible, controls should be matched for age and gender.
Spontaneous or natural improvement in function can occur after SCI. It is therefore important to rigorously compare outcomes to appropriate control groups assessed at similar time points of at least one year postinjury. See the section 'study duration'.
Comparison of experimental therapies to methylprednisolone or future, effective therapies As noted above, the benefit of treatment of acute SCI with methylprednisolone remains a subject of debate. At present, it may not be necessary to include a clinical group treated with methylprednisolone in clinical trials of novel therapies.
It is possible that new therapies will emerge that demonstrate efficacy for the treatment of SCI. In such a case, subsequent clinical trials should compare outcomes of patients treated with the new experimental therapy to any previously identified, effective therapy.
Subject selection, assignment to study group, statistical analysis The criteria for participant selection should be defined so as to include the appropriate population for assessment of clinical benefit. For example, a therapy that aims to enhance plasticity of spared systems below an injury should be tested in groups predivided into 'clinically incomplete' and 'complete' subjects, to enhance the validity of statistical analysis. Experiments in chronically injured subjects may be most safely tested in subjects with clinically complete lesions, and thoracic injury levels, before proceeding to enroll subjects with clinically incomplete lesions or cervical injuries.
Consideration should be given to excluding subjects that might confound interpretation or that might suffer excessive adverse events during the study.
Subjects should be randomly assigned to active or control groups; including all randomized subjects in intent-to-treat analyses is a preferred design.
Plans for data collection and statistical analyses should be included in the proposed study design, and data management resources should be adequate for all aspects of the studies.
If trials are conducted in global regions lacking resources to meet these criteria, consideration should be given to recruiting study collaborators with the background, experience and resources to meet the preceding standards for clinical trial conduct. Clinical trials that are conducted without meeting these criteria present the risk of confounding rather than promoting progress toward the goal of identifying effective therapies for SCI.
Control groups
Control groups should be included in the clinical trial design whenever possible, as noted above; however, control groups that would be ideal for animal studies might be inappropriate for human studies. Possible experimental controls might include sham surgery extending up to, but not beyond, the bounds of reasonable risk. For example, a bed-bound SCI patient who has been recently injured may tolerate no more than a simple skin incision, yet this procedure would accomplish the objective of double blinding with minimal risk. A paraplegic patient in later stages of injury and good health may tolerate, with minimal risk, a longer period of anesthesia or sedation with a larger skin incision. Subjects in a control group could be offered the experimental treatment once the blinded portion of a study is completed.
These considerations should be guided by the principle that harm is minimized to study participants whenever possible, consistent with achieving an unbiased assessment of outcome. A small risk is generally considered acceptable in clinical trials to obtain an unbiased assessment of outcome.
Immune problems and rejection Several experimental treatment strategies carry the risk of producing an immune response in the recipient. The risk-benefits of using immunosuppressive drugs should be assessed; whether temporary immunosuppression is feasible should be explored in preclinical studies. The research plan should consider how an immune response would be measured and prevented, how it would impact study outcome, and how immune response in the recipient will affect future well-being.
Standardized assessment methods should be used Studies should use assessment methods comparable to those of other investigators. The nature of optimal outcome measures for clinical trials in SCI remains a subject of ongoing discussion and revision. At present, the ASIA grade (A-E) and motor and sensory scales for inclusion/exclusion, stratification and general outcomes are considered standard; they should be included in clinical trial designs to create baseline information that can be compared across trials and any historical data that may exist. Outcome measures should be relevant and sensitive to the impairments and disabilities that may change in relationship to differing levels of cervical or thoracolumbar SCI. Pain threshold, allodynia, spasticity (the Ashworth scale) and frequency of autonomic dysreflexia should be monitored. Measures of functional independence, quality of life and bowel/ bladder function are desirable. Ventilatory function relating to both inspiratory phrenic function and cough reflexes must be monitored if manipulating the cervical spinal cord.
Outcome measures other than clinical physical examination Markers of disease extent or treatment efficacy, other than the neurological examination, can be incorporated into clinical trial design. These can include new functional scales, electrophysiological assessments (eg, sensory-evoked potentials, magnetic-evoked stimulation) and structural and/or functional MR imaging. However, there should be consensus in the field that new outcome measures are valid and generally acceptable.
Informed consent
Each subject involved in a clinical study should give appropriate consent for participation in the study, being fully informed as to whether the study aims to produce basic scientific knowledge, disease-specific knowledge or potential individual therapeutic benefit to the participant. The possible negative outcomes should be clearly and simply stated. The Informed Consent document must be approved by the Institutional Review Board, and any other required regulatory oversight committee.
In general, patients should be made aware of the fact that the experimental therapy is being tested to determine whether it can 'improve' their condition, but that it is extremely unlikely to constitute a complete 'cure.'
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